Repeated applications of the 133Xe inhalation technique for measuring regional CBF (rCBF) were made during consecutive resting conditions in a sample of young healthy subjects. Subjects were grouped by order and by sex [nine had resting studies as the initial two measurements in a series of four measurement (six men, three women) and six had these measurements later (two men, four women)]. Three flow parameters were exam ined: f, (fast flow) and IS (initial slope) for gray matter CBF, and CBF-I5 for mean CBF (gray and white matter over I5-min integration), as well as WI' the percentage of tissue with fast clearing characteristics. With all groups combined, there were no significant differences between the two resting measurements, and high test-retest corre lations were obtained for the flow parameters and w,. Analyses by order and sex grouping revealed, for the flow parameters, significant interactions of test-retest
In typical applications of the 133Xe inhalation method to neuropsychological research, CBF is measured in healthy, young subjects during one or more tests in a single session on the same day. However, there is little information available about reproducibility of the technique using such a de sign, and factors that may affect reproducibility have not been identified. Specification of such difference with order. Repeated initial studies showed re duced CBF from the first to second measurement, whereas resting studies performed later in the series showed no reduction. Interactions for test-retest differ ence with sex indicated that reduced CBF in serial mea sures was more pronounced for women. No hemispheric or regional specificity to account for these effects was found. Correction for PaC02 differences did not alter these results. The results resemble data regarding habituation effects measured for other psychophysiologic measures, and suggest that reduction in CBF for consecutive mea surements made on the same day may reflect habituation. This underscores the importance of controlling for effects of habituation on serial measurements of CBF and me tabolism. Key Words: Cerebral blood flow-Habituation -Reproducibility -Sex differences-133Xe inhalation technique.
factors is especially important in neuropsycholog ical studies in which the experimental task varies over consecutive CBF determinations, since con clusions regarding task effects on CBF may be con founded by systematic test-retest variability. Re producibility is determined not solely by the error inherent in the theoretical and mechanical aspects of data acquisition, but also by the characteristics of the population, the experimental design, and the method of data analysis. Furthermore, for mea sures of brain activity, anything that may affect the psychological state of the subject could also influ ence the stability of the measurement.
High correlations have been reported between serial resting measurements with a trend towards lower CBF in the second of two resting measure ments. Prohovnik et al. (1980) made four consecu tive resting CBF measurements in 22 young men and reported a tendency for lower means and SD in the second measurement relative to the first. This trend was observed for flow in the fast clearing compartment, fg, and for an initial slope index (lSI) of flow (Risberg et aI., 1975) . They attributed these changes to habituation. A similar trend, also attrib uted to habituation, was noted by Maximillian et al. (1978) in their study of 11 young men. The two resting measurements occurred in the first and fourth positions of six consecutive measurements, and the test-retest correlation of hemispheric CBF was 0.85. A correlation of 0.64 for hemispheric CBF was reported by Baron et al. (1979) in 16 young subjects studied consecutively during rest. These results are consistent with the original findings of Kety and Schmidt (1948) , suggesting that changes do not reflect error specific to the technique. Using the nitrous oxide method, they found CBF slightly decreased in successive mea surements and a test-retest correlation of 0.62 in eight young men. Similar results have been re ported for an older sample of subjects studied by 133Xe-inhalation (Meyer et aI., 1978) and for a sample of neurological patients with no evidence of hemispheric lesion by physical examination or angi ography studied by the intracarotid 133Xe-technique (Wilkinson et aI., 1969) . There have been no re ports of statistically significant differences in suc cessive resting CBF determinations by the 133Xe in halation method in a sample of healthy, young adults.
The present report examines the reproducibility of the 133Xe inhalation technique during sequential resting measurements in a sample of young, healthy adults, and attempts to identify some of the factors that may affect reproducibility.
METHODS

Subjects
The sample consisted of 16 volunteers (nine men, seven women; I3 who were right-handed, three left handed) with no history of neurological or psychiatric disease. Ages ranged from 18 to 25 years (mean 20.1 ± 1.8 years). Twelve of the subjects (six men, six women) were part of a study of sex, handedness, and cognitive task differences on rCBF (Gur et aI., 1982) ; for the pur pose of this study a second resting measurement was taken and the order of the consecutive resting measures was randomly counterbalanced with measures during verbal and spatial tasks (the nature of these cognitive tasks and their effect on rCBF have been described by Gur et aI., 1982) . To increase the sample size, four addi tional subjects (three men, one woman) were selected solely for this study and received serial resting measure-ments only. One left-handed male was excluded from data analysis, because his studies did not satisfy criteria for technical acceptability (poor curve fits). This resulted in a final sample size of 15 subjects. Both technicians performing the measurements were men.
Procedures
Measurements of CBF were made using the 133Xe inha lation technique, as previously described (Obrist et aI., 1975; Obrist and Wilkinson, 1980) and applied (Gur et aI., 1980 (Gur et aI., , 1982 (Gur et aI., , 1983 . CBF was measured by eight pairs of homotopically placed NaI crystal detectors (see Gur et aI., 1980 Gur et aI., , 1982 . All resting conditions were in succes sion.
CBF measurements were separated by -15 min to as sure that background activity was at acceptable levels «10% of peak counts). Background counts were re corded at 5 s intervals for 100 s prior to the administra tion of 133Xe. Background activity from each probe was subtracted from the corresponding head curves based on a linear function for the first CBF measurement in the series of four, for which background counts were negli gible and based on a monoexponential function for re sidual activity occurring between sequential measure ments. For probes, which yielded background param eters that were clearly aberrant (half-times < 10 min > 300 min) background subtraction was based upon a monoexponential function derived from the mean half time of acceptable background values for that CBF mea surement. The integrity of the rCBF measurements was evaluated for absence of artifacts, good count rates (peaks> 25,000 cpm), curve fits, and adequate estima tion of end-tidal carbon dioxide levels.
The subjects were not deprived of visual or auditory input; ambient illumination and noise were restricted to levels necessary for the operation of the laboratory. The subjects were instructed to relax but to remain awake with their eyes open during the resting measurements. As noted, in all but four subjects CBF was also measured two additional times within the same testing session, during verbal and spatial cognitive stimulation. The in clusion of cognitive tasks counterbalanced with the resting measurements more closely approximates the conditions found in neurobehavioral applications of the 133Xe inhalation technique and permits the division of the subjects into two groups based upon task order: ini tial group (six men, three women), comprised of subjects whose resting measurements occurred in the first and second of the four measurements; and the later group (two men, four women), comprised of subjects who had the consecutive resting measurements in either the second and third or third and fourth positions. Four of the subjects in the initial group had no subsequent measure ments. There were no significant differences on any of the parameters between these four and the other five subjects in the initial group, who had additional measure ments during cognitive stimulation, and they are consid ered as a single group in this communication; [FO, 7) < 1 for the interaction of (resting-l versus resting-2) x (sub sequent stimulation versus no subsequent stimulation)].
Data analysis
Parameters used in this report were as defined by Obrist and Wilkinson (1980) : f\ (fast flow compartment), IS (an initial slope measure of gray matter flow defined as the tangent at time zero for an equivalent bolus injec-tion), CBF-15 (a mean gray and white matter flow index, mathematically equivalent to the height-over-area method employed by the intracarotid technique, where the integration is carried out to 15 min), and WI (relative tissue weight defined as the percentage of tissue with fast clearance which, in normal subjects, can be assumed to reflect gray matter). Continuous capnographic recordings provided an estimate of Pac02 in mm Hg. Results were analyzed without correction for differences in Pac02, as well as with correction of the mean PaC02 for the two resting measurements, using a correction factor of 3. 5% per mm Hg of PaC02 change for fl and 3. 0% per mm Hg for IS and CBF-15. Corrected parameters are designated flc, ISc, and CBF-15c.
The results for Pac02 and rCBF differences were ana lyzed in a repeated measures analysis of variance (ANOVA) with sex (male, female) and order (initial, later) as grouping factors and test-retest (resting-I, resting-2) as the within-group factor (BMDP2V ; Dixon et aI. , 1985) . For the analysis of rCBF differences, hemi sphere (left, right), and region (1-8) were added as within-group factors in the ANOVA design. The tail prob ability was used to evaluate significance except where or thogonal polynomial components were tested to be asym metrical, in which case the Greenhouse-Geisser proba bility was used (although the results were the same regardless of the probability considered). Because of the small cell sizes and the dependence of the ANOVA re sults on the cell variances, the results of these ANOVAs were confirmed by multiple regression analyses (BMDPIR; Dixon et aI. , 1985) in which sex (male = 1, female = 2) and order (initial = 1, later = 2) were the independent variables, and whole brain test-retest differ ence was the dependent variable. Te st-retest differences in the interhemispheric laterality index, (R -LlR + L) * 100 were examined by a paired t test. The Fisher r to z transformations were used to examine between group differences in correlation coefficients.
RESULTS
There was no difference in P aco2 between the first and second resting measurements (resting-I, 41.3 ± 0.8; resting-2, 40.9 ± 0.8), F(1, 12) = 2.20, ns, and no sex or order interaction with test-retest in P aco2, F(1, 12) < 1.
There was no overall difference between resting-1 and resting-2 for the four parameters examined across groups (Table 1) . Interactions of test-retest x hemisphere, test-retest x region, and test-retest x hemisphere x region were not significant. Like wise, no test-retest differences of an interhemis pheric laterality index were found. The test-retest correlations for all parameters were high, ranging from 0.79 to 0.97 and significant at p < 0.001 (Ta ble1).
The correlation coefficients were higher for fe male than male subjects (Table 3) . This difference was significant at p < 0.01 for f) and at p < 0.05 for IS. This difference may be accounted for by two male subjects that are relatively far from the re-J Cereb Blood Flow Metabol, Vol. 7, No.6, 1987 gression line (Fig. 1) . The correlations for the later group were somewhat lower than for the initial group, but these differences were not significant (Table 2) .
Significant interactions were obtained for order x test-retest (Table 2) . These interactions were sig nificant for f), IS (absolute values illustrated in Fig.  2 left) , and CBF-15, but not for WI' They reflect a test-retest decrease in CBF when the tests occurred in the initial two positions, in contrast to no de crease when the tests occurred in later positions. There were also interactions of sex x test-retest that reflect a test-retest decrease in female subjects not found in male subjects (Table 3 ). This interac tion (illustrated for absolute values of IS in Fig. 2 right) was marginal for f1 (p = 0.051). No effect was observed for w l' Correction for P aco2 had relatively little effect on the results. The magnitude of the order interactions was enhanced by correction, whereas the magni . tude of the sex interactions was reduced, such that I the latter effect was only marginally significant for flc (p = 0.052) and CBF-15c (p = 0.075). No significant interactions were found for test retest x sex x region, test-retest x sex x hemi sphere, test-retest x order x region, or test-retest x order x hemisphere. Nor was there an interac tion of test-retest x sex x order. The five-way in teraction of test-retest x sex x order x hemi sphere x region was significant only for CBF-15 and CBF-15c (F[7,77] = 2.27 and 2.26, respec tively, p < 0.05).
The multiple regression of sex and order as pre dictors of test-retest differences was significant at p < 0.05 for IS, CBF-15, CBF-15c, at p < 0.02 for flc, ISc, marginally significant for f1 (p = 0.054), and not significant for WI' The multiple r for the parameters (except WI) ranged from 0.62 for fl to 0.69 for fico Order was a somewhat better predictor than sex; the regression coefficients of the latter were significant for CBF-15 (p < 0.05) and were marginal (0.05 < P < 0.10) for the other flow pa rameters.
DISCUSSION
The results for WI showed no changes overall and no interactions, as expected from a measure sensi tive to compartmental tissue weight rather than flow (Obrist and Wilkinson 1980) . The lower test retest correlation for WI than for measures of flow may be attributable to the more restricted range of values for w), since the correlation coefficient is a function of both reproducibility and range.
The results for flow parameters collapsed across groups are similar to those from earlier studies (Kety and Schmidt, 1948; Maximillian et aI., 1978; Baron et aI., 1979 , Prohovnik et aI., 1980 reporting a slight decrease in successive measurements and high test-retest correlations. However, the present results suggest two factors that modulate the de crease: the position in which the tests occur in a The decrease between the initial measurements can be attributed to habituation since it was not found between later measurements. No interactions were found to suggest regional or hemispheric differ ences in the effects, or to suggest that the overall effects of sex and order on reproducibility are in- Table 1 for definition of abbreviations. terdependent. However, the five-way interaction observed for CBF-15 suggests that there may be re gional variations in hemispheric differences of re producibility that depend upon both sex and order. Thompson and Spencer (1966) operationally de fined habituation as an exponential decline in neu ronal responsiveness resulting from repetitive stim ulation. The experimental setting of CBF measure ment may be considered a set of novel stimuli presented in a continuous or repetitive manner. It would be expected that subjects familiar with the experimental setting would show less test-retest decreases. Indeed, two of the subjects in the initial group were the laboratory technicians; when they are removed from the group the magnitude of the initial difference increases from -4.6 ± 1.7 to -5.8 ± 2.0, -4.2 ± 1.7 to -5.3 ± 2.0, and -1.6 ± 0.7 to -1.9 ± 0.9 for fl,IS, andCBF-15, respec tively.
The sex difference observed in our data, sug gesting greater decrease for female subjects, is also consistent with the notion that the CBF decreases reflect habituation. Female subjects show a greater magnitude and slower rate of habituation in auto nomic measures of finger pulse volume and skin conductance response (Berry and Martin, 1957; Kopacz and Smith, 1971; McGuinness, 1973; Barry, 1984; Knott, 1984) , and in frontalis muscle tension (Kirkcaldy, 1983) . Although the sex differ ence in skin conductance activity has not always been found (e.g., Kimmel and Kimmel, 1965), Ko pacz and Smith (1971) argue that the tendency for greater magnitude of habituation in female subjects is particularly evident following the reduction in the expectation of noxious stimuli. CBF measurement, with its requirement of radiation exposure, supine position, and restricted movement may be per ceived by subjects as threatening, and thus accen tuate sex differences in habituation. Fisher and Kotses (1974) studied the effect of experimenter sex on subjects' sex differences in habituation of skin conductance response to a nonthreatening stimulus (white-noise tone). Their results suggest a greater magnitude of habituation of spontaneous fluctuations in skin conductance when the subjects and experimental technicians are of different sex. Thus, the sex effect reported here may be related to the presence of male laboratory technicians.
Since we can assume intact autoregulation in these subjects, CBF differences due to habituation likely reflect changes in metabolic demands rather than an autonomic effect on cerebral vasculature. 
Order X Test-Retest A thorough study of the effects of habituation on CBF would help assess other factors that have been implicated as modifiers of habituation, e.g., anx iety, sex, and race of experimenter, age of subject, stimulus features, instructions to subjects, and/or personality factors (O'Gorman, 1977) . The present report indicates the necessity of con trolling for effects of habituation in rC BF studies, and suggests that such controls are important in any sequential measurement of CBF and metabo lism upon which conclusions about brain activity are based. One method is to counterbalance the order of task presentation. If a design does not permit counterbalancing (e.g., learning followed by recall), an initial sham measurement could be used. Since sex and order were significant predictors of test-retest differences, using large samples it may also be possible to compute correction factors for these effects. The interpretation of results of sub jects studied only once during a testing session may be confounded by effects of the novel testing envi ronment.
The small sample size requires that the results be interpreted conservatively, since there is insuffi cient power to confirm null hypotheses (e.g., that there are no test-retest differences in male subjects) and since any effects of atypical subjects may make undue contributions to the means and variances. Larger samples and measurements of more regions could be used in future studies to confirm these re sults and examine other factors affecting habitua tion of regional brain activity.
